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Abstract: Surgical aortic valve replacement (SAVR) in female patients has been associated with
higher mortality (up to 3.3–8.9%) and postoperative complication rates when compared with their
male counterparts. In recent years, TAVI has been shown to provide a greater benefit than SAVR
in women. We sought to assess the early outcomes of the contemporary aortic valve intervention
practice (surgical and transcatheter) in patients referred to our cardiac surgery unit. The data of
consecutive patients who underwent isolated aortic valve intervention for aortic valve stenosis during
the 2018–2022 period were retrieved from our internal database. Several preoperative, intraoperative,
and postoperative variables were analyzed, including the predicted risk of a prosthesis–patient
mismatch. Nine hundred and fifty-five consecutive patients—514 women and 441 men—were
included. Among them, 480 patients—276 female and 204 male—received a transcatheter procedure,
and 475—238 women and 237 men—had conventional SAVR. The women were older and had higher
EuroSCORE II, while the male patients presented a higher incidence of cardiovascular comorbidities.
There was no difference in mortality or major postoperative complication rates after either the surgical
or transcatheter procedures between the female and male populations. The availability and targeted
use of different techniques and technologies have enabled the safe and effective treatment of female
patients treated for severe symptomatic aortic valve stenosis with similar results when compared
with their male counterparts.
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1. Introduction

Aortic valve (AV) stenosis is the most common valve disorder due to an aging popula-
tion [1]. Although a similar prevalence has been reported in men and women, different
studies have shown a gender difference in terms of clinical presentation, treatment, and
prognosis [2]. Women are inclined to underestimate cardiac disease, and this usually causes
a late diagnosis and a delayed referral. Compared with the male population undergoing
aortic valve surgery, women are more commonly in New York Heart Association (NYHA)
class III–IV, and they are usually operated on at an older age, being more frail and at a
higher risk in surgery [3]. Moreover, diastolic dysfunction, elevated pulmonary artery
pressure, and a small aortic annulus are frequent in women with severe aortic valve steno-
sis [4] and account for higher surgical mortality and a lower benefit on symptomatic and
prognostic grounds [5].

Transcatheter aortic valve implantation (TAVI) has provided an option for patients
at medium/high risk [6–8] or in the presence of technical difficulties for a conventional
SAVR and enabled the treatment of many patients who would have been inoperable or
left untreated in the past. In these scenarios, TAVI has been associated with low rates of
post-procedural complications, low in-hospital mortality, and satisfactory hemodynamics,
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and it has become an appealing solution for the treatment of aortic valve stenosis in
women [5,9,10]. Nevertheless, female patients undergoing TAVI exhibit a higher rate of
vascular injury and annular complications when compared with their male counterparts.

The combination of the peculiar clinical and pathophysiological features, anatomy
characteristics, advanced age, and frailty typical of women presenting with symptomatic
aortic valve stenosis poses several well-recognized therapeutic and technical challenges
to both the surgical and TAVI approaches. At our cardiac surgery unit, we provide both
surgical and transcatheter aortic valve interventions. At the beginning of our experience,
TAVI was reserved for high-risk scenarios [11], but nowadays, based on satisfactory results
in younger and lower-risk patients [12,13], we are very keen to also consider a transcatheter
option in potential surgical candidates who might benefit from the technical and hemody-
namic advantages provided via TAVI. Similarly, in case of predicted difficulties or expected
suboptimal results from transcatheter interventions, a conventional aortic valve replace-
ment through minimally invasive cardiac surgery associated with an enhanced recovery
protocol is also routinely offered to elderly and frail patients.

This study reports our experience in aortic valve intervention—embedding both
surgical and TAVI procedures performed by the same team of cardiac surgeons—and
discusses the impact of this contemporary practice on early outcomes in female patients
treated for severe symptomatic aortic valve stenosis.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This is a single-center, retrospective analysis of prospectively collected data. All pa-
tients’ characteristics, intraoperative data, and periprocedural data were collected from
the internal database of the Cardiac Surgery Unit at Lancisi Cardiovascular Centre—
Polytechnic University of Marche–Ancona (Italy). The study was approved by the local
ethics committee (CERM 2019 361), and informed consent was obtained in all cases.

2.2. Population

All consecutive patients who underwent a first-time isolated aortic valve intervention
with biological prostheses (SAVR and TAVI) for aortic valve stenosis during the 2018–2022
period were included.

2.3. Definitions

Preoperative characteristics were defined according to EuroSCORE definitions [14].
Outcomes were coded according to the VARC-3 criteria [15] with the relevant events
collected till day 30 postoperative.

The values for the effective orifice area (EOA) for each type of prosthesis implanted
during the study period were retrieved from companies’ publications [16,17], observational
studies [18–20], or administrative documents [21]. The indexed EOA (iEOA = EOA/body
surface area) was calculated and used to define the degree of expected prosthesis–patient
mismatch [22], which was classified as absent if iEOA > 0.85 cm2/m2, moderate for values
between 0.65 cm2/m2 and 0.85 cm2/m2, and severe if iEOA < 0.65 cm2/m2.

2.4. Surgical Aortic Valve Replacement

In the surgical aortic valve replacement group, a minimally invasive approach includ-
ing upper ministernotomy or right mini thoracotomy associated with an enhanced recovery
protocol was our preferred strategy.

Ministernotomy was the most used access. It was performed through a J-shaped
incision (4–5 cm) from the sternomanubrial joint to the 3rd or 4th intercostal space. Car-
diopulmonary bypass (CBP) was established through conventional central cannulation,
and the right pulmonary vein was cannulated for left ventricle venting.

Right mini thoracotomy (MT) surgery was performed through anterior right thora-
cotomy or trans-axillary access. The first was performed through a 4–5-cm skin incision
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at the 2nd and 3rd intercostal spaces, followed by costochondral cartilage dislocation.
Trans-axillary access has been extensively described in previous publications and includes
a 4–5 cm incision at the level of the 3rd intercostal space on the anterior axillary line [23]. In
these cases, CPB was usually established by means of femoral cannulation.

The key features of our enhanced recovery after surgery approach, besides reduced
access and chest trauma, include the routine use of normothermia during standard and
minimally invasive extracorporeal circulation (MiECC), combined with ultra-fast-track anes-
thesia with on-table extubation, proactive pain management, physiotherapy starting on day
0 postoperative, and immediate (usually within two hours) patient–family contact [24,25].

2.5. Trans-Catheter Aortic Valve Implantation

TAVI procedures included either a transfemoral or a transapical approach.
At the beginning of our program [11], the procedures were performed under general

anesthesia and with femoral cut-down. Afterwards, we implemented an awake procedure
and the fully percutaneous management of the femoral access, and this approach represents
our daily practice nowadays (>95% of cases).

We used two platforms: the Edwards balloon expandable (Sapien 3® and Sapien 3
Ultra (Edwards Life-Sciences Corp., Irvine, CA, USA)) and the Medtronic self-expandable
(Evolut™ R, Evolut ™ Pro, Evolut™ Pro+ (Medtronic, Minneapolis, MN, USA)) prostheses.
The prosthesis size was chosen according to the recommendation charts supplied by the
companies, based on preoperative CT scan measurements.

2.6. Echocardiographic Assessment

Preoperative, intraprocedural, and postoperative echocardiograms were performed
with all patients. Left ventricle function, aortic valve area, peak gradients, and mean
gradients were measured via the echocardiography core lab.

2.7. Statistical Analysis

Continuous variables are expressed as means ± SDs or medians and interquartile
ranges (IQRs), while categorical variables are presented as numbers and percentages.
Student t or Mann–Whitney U tests and a chi-square test were used to compare continuous
or categorial variables, respectively. A post hoc analysis after X2 was performed to study
the changing proportion of TAVI and surgical aortic valve replacement during the study
period. The difference in EuroSCORE II and age throughout the study period was analyzed
using the Kruskal–Wallis test.

Statistical significance was defined as p < 0.05.
The analysis was generated using Statistical Analysis Software (SAS), Version 3.8, SAS

University Edition (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Baseline Characteristics

During the study period, 955 consecutive patients—514 women and 441 men—
underwent an isolated aortic valve intervention for aortic valve stenosis with a biologi-
cal prosthesis. Four hundred and eighty patients—276 female and 204 male—received a
transcatheter procedure, and 475—238 women and 237 men—had conventional SAVR.

There was a progressive increase in the use of transcatheter procedures throughout
the study period in both the female and male populations with TAVI performed in more
than 75% of the patients during the last year (p < 0.001; Figure 1). Since the start of our
independent practice in transcatheter aortic valve procedures, the number of female patients
treated for isolated aortic valve stenosis—TAVI and surgical aortic valve replacement—
increased from 81 (year 2018) to a mean of 110 cases per year (+23%) and up to 115 cases per
year (+25%) when excluding the cardiac surgery activity reduction due to the COVID-19
pandemic in 2020. Similarly, for men, there was an increase from 67 (2018) to 94 cases per
year (+25%) and up to 99 cases per year (+32%) when excluding the year 2020.
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Figure 1. Temporal trend of TAVI and SAVR adoption in female ((A), p < 0.001) and male patients
((B), p < 0.001) during the study period.

During the study period, there was a significant decline in the mean age of female
patients undergoing SAVR, from 74 years to 70 years (p = 0.009), with a concomitant
reduction in EuroSCORE II values (p = 0.0015). Male SAVR patients exhibited a reduction
in mean age throughout the study period, from 71 years to 68 years (p = 0.33), with no
significant changes in EuroSCORE II (p = 0.73).

EuroSCORE II values reduced significantly during the study period for both female
and male TAVI patients (p = 0.0015 and p = 0.009, respectively), but no changes were
appreciated in patients’ mean age (p = 0.14 and p = 0.29, respectively). Figure 2 provides a
graphical representation of the temporal trends in age and EuroSCORE II.

The female patients who came to our attention for aortic valve intervention were older,
with a higher incidence of chronic kidney disease, and they faced a higher predicted opera-
tive risk than their male counterparts. On the contrary, men, despite lower EuroSCORE II
values, presented with a higher incidence of preoperative cardiovascular comorbidities,
including a history of CAD, a history of AMI, previous PCI or CABG, and peripheral
vascular disease (Table 1). Similar differences were found in the subpopulations of female
and male patients who underwent a TAVI procedure or a conventional surgical aortic valve
replacement (Table 2).

The TAVI patients were older, at higher risk for surgery, and more symptomatic. The
prevalence of smoking history, chronic obstructive pulmonary disease, rhythm disorders
(including atrial fibrillation and previous pacemaker implantation), a history of CAD,
and previous cerebrovascular accidents was higher in the TAVI population than in the
SAVR population.
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Table 1. Preoperative characteristics.

Variable

Female
(n = 514)

N (%)
or Median (IQR 1–3)

Male
(n = 441)

N (%)
or Median (IQR 1–3)

p Value

Age (years) 80 (75–84) 77 (71–83) <0.001

BMI (kg/m2) 26 (23.4–29.7) 27 (24.5–29.4) 0.015

BSA (m2) 1.7 (1.6–1.8) 1.9 (1.8–2.0) <0.001

Euroscore II (%) 2 (1.4–3.4) 1.6 (1.0–2.6) <0.001

NYHA class III–IV 279 (55) 218 (49) 0.14

Hypertension 427 (84) 368 (84) 0.80

Diabetes 121 (24) 114 (26) 0.49
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Table 1. Cont.

Variable

Female
(n = 514)

N (%)
or Median (IQR 1–3)

Male
(n = 441)

N (%)
or Median (IQR 1–3)

p Value

Dyslipidemia 283 (56) 249 (56) 0.88

COPD 80 (16) 89 (20) 0.06

Atrial fibrillation 100 (19) 89 (20) 0.77

Pacemaker 14 (3) 29 (7) 0.046

eGFR < 50 231 (45) 165 (37) 0.018

Dialysis 4 (1) 9 (2) 0.10

History of CAD 122 (24) 172 (39) <0.001

Previous AMI 22 (4) 48 (11) <0.001

Previous PCI 54 (11) 98 (22) <0.001

Previous CABG 10 (4) 33 (7) 0.034

Previous CVA 64 (13) 54 (12) 0.92

Peripheral arteriopathy 49 (10) 62 (14) 0.029
AMI: acute myocardial infarction. BMI: body mass index. BSA: body surface area. CABG: coronary artery bypass
graft surgery. CAD: coronary artery disease. COPD: chronic obstructive pulmonary disease. CVA: cerebrovascular
accident. IQR: interquartile range. LVEF: left ventricular ejection fraction. NYHA: New York Heart Association.
PCI: percutaneous coronary intervention.

Table 2. Preoperative characteristics according to transcatheter and surgical treatment.

TAVI SAVR

Variable

Female
(n = 276)

N (%)
or Median
(IQR 1–3)

Male
(n = 204)

N (%)
or Median
(IQR 1–3)

p Value

Female
(n = 238)

N (%)
or Median
(IQR 1–3)

Male
(n = 237)

N (%)
or Median
(IQR 1–3)

p Value

Age (years) 83 (80–86) 82 (79–85) 0.20 75 (70–79) 72 (67–76) <0.001

BMI (kg/m2)
25.3

(22.5–28.7)
26.0

(24.1–29.1) 0.009 27.1
(24.3–30.5)

27.3
(24.8–29.6) 0.63

BSA (m2) 1.7 (1.6–1.8) 1.9 (1.8–2.0) <0.001 1.7 (1.6–1.8) 1.9 (1.8–2.0) <0.001

Euroscore II (%) 2.8 (1.8–4.1) 2.5 (1.6–4.7) 0.72 1.5 (1.2–2.4) 1.1 (0.8–1.6) <0.001

NYHA class III–IV 167 (61) 129 (63) 0.54 112 (47) 89 (38) 0.04

Hypertension 226 (83) 166 (81) 0.51 201 (85) 202 (85) 0.90

Diabetes 66 (24) 61 (30) 0.19 55 (23) 53 (22) 0.90

Dyslipidemia 142 (52) 129 (63) 0.029 141 (59) 120 (51) 0.06

COPD 59 (22) 50 (25) 0.41 21 (9) 39 (17) 0.001

Atrial fibrillation 65 (24) 64 (32) 0.05 35 (15) 25 (11) 0.21

Pacemaker 11 (4) 22 (11) 0.003 3 (1.3) 7 (3) 0.22

eGFR < 50 161 (58) 115 (56) 0.67 70 (29) 50 (21) 0.037

Dialysis 4 (1.5) 6 (3) 0.33 0 3 (1) 0.12

History of CAD 80 (29) 114 (56) <0.001 42 (18) 58 (25) 0.07

Previous AMI 12 (4) 30 (15) <0.001 10 (4) 18 (8) 0.17

Previous PCI 45 (16) 68 (33) <0.001 9 (4) 30 (13) <0.001

Previous CABG 10 (4) 33 (16) <0.001 - - -

Previous CVA 46 (17) 30 (15) 0.56 18 (8) 24 (10) 0.34

Peripheral arteriopathy 35 (14) 44 (22) 0.009 14 (6) 18 (8) 0.47
AMI: acute myocardial infarction. BMI: body mass index. BSA: body surface area. CABG: coronary artery bypass
graft surgery. CAD: coronary artery disease. COPD: chronic obstructive pulmonary disease. CVA: cerebrovascular
accident. IQR: interquartile range. LVEF: left ventricular ejection fraction. NYHA: New York Heart Association.
PCI: percutaneous coronary intervention.
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3.2. Operative Data

In the TAVI group, transapical and transfemoral approaches were performed, respec-
tively, in 40 (14%) and 236 (86%) female patients and in 44 (22%) and 160 (78%) male
patients. A balloon expandable prosthesis was used in 61% of cases in women and in 69%
of cases in men. More than 75% of the female patients received a transcatheter prosthesis
of [23–26] size, while more than 75% of men had a prosthesis size of [26–29] (Table 3).

Table 3. Operative data on transcatheter procedures.

Variable Female
(n = 276)

Male
(n = 204) p Value

N % N %

Type of prostheses 0.07

• Edwards balloon-expandable 169 61 141 69

• Medtronic self-expandable 107 39 63 31

Size of prosthesis <0.001

• 20 9 3 0 0

• 23 119 43 20 10

• 26 99 36 86 42

• 29 47 17 69 34

• 34 2 1 29 14

Access 0.043

Transapical access 40 14 44 22

Transfemoral access 236 86 160 78

Minimally invasive access was used in more than 80% of the surgical cases for both the
populations of female and male patients. Three surgical prostheses were used, as follows:
the Carpentier–Edwards Magna Ease aortic valve (Edwards Lifesciences, Irvine, CA, USA)
in 53% of women and 89% of men, the Intuity Valve System (Edwards Life Sciences LLC,
Irvine, CA, USA) in 25% of women and 2% of men, and the Trifecta bioprosthesis (Abbott
Laboratories, Abbott Park, IL, USA) in 22% of women and 9% of men. About 75% of the
female patients received a surgical prosthesis size of [21–23], while 90% of male patients
had a prosthesis size ≥ 23. All operative data are presented in Table 4.

Table 4. Operative data on surgical procedures.

Variable Female
(n = 238)

Male
(n = 237) p Value

N % N %

Type of prosthesis <0.001

• Carpentier–Edwards Magna Ease 125 53 181 89

• Trifecta 53 22 18 9

• Intuity valve system 60 25 5 2

Size of prosthesis <0.001

• 19 54 23 3 1

• 21 128 54 21 9

• 23 50 21 110 46

• 25 6 3 79 34

• 27 0 0 17 7

• 29 0 0 7 3
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Table 4. Cont.

Variable Female
(n = 238)

Male
(n = 237) p Value

Minimally invasive approach 196 82 192 81 0.71

Full sternotomy 42 18 45 19

Cross-clamp time 53
(43–64)

57
(47–67) 0.017

CBP time 70
(60–82)

75
(62–88) 0.036

CBP: cardiopulmonary bypass.

3.3. Postoperative Outcomes

The overall in-hospital mortality rate was 1% in the female population and 0.9% in the
male population (p = 0.81), 1.4% and 1.5%, respectively, after TAVI (p = 0.99) and 0.4% in
both groups after SAVR (p = 0.99). Neurological events were reported, respectively, in four
female patients (0.8%) and five male patients (1.1%) (p = 0.57). After TAVI, we registered a
1.1% rate of postoperative stroke in women and a 2.5% rate in men (p = 0.29). One female
patient (0.4%) suffered a neurologic event after SAVR vs. no event in the surgical male
population (p = 0.99).

Furthermore, no differences were found in terms of respiratory failure, atrial fibrilla-
tion, vascular injury, or, in surgical cohorts, the length of postoperative intubation.

Women had a lower incidence of postoperative permanent pacemaker implantation
and experienced a shorter stay in the ICU (p = 0.008). Tables 5 and 6 summarize the data on
early postoperative results.

Table 5. Postoperative outcomes.

Variable

Female
(n = 514)

N (%)
or Median (IQR 1–3)

Male
(n = 441)

N (%)
or Median (IQR 1–3)

p Value

In-hospital mortality 5 (1) 4 (0.9) 0.81

Stroke 4 (0.8) 5 (1.1) 0.57

Renal failure 38 (7.5) 48 (11) 0.06

CVVH 6 (1.2) 6 (1.4) 0.79

AMI 1 (0.2) 1 (0.2) 0.91

Respiratory insufficiency 10 (2) 8 (2) 0.88

Atrial fibrillation (in
patients with preop SR) 97/414 (23) 95/352 (27) 0.46

Definitive pacemaker 52/500 (10) 68 (16.5) 0.006

Vascular complications 0.18

Major 5 (0.9) 2 (0.5)

Minor 20 (3.9) 12 (2.7)

Intubation time (hours) 5 (0–8) 5 (0–8) 0.28

ICU stay (hours) 24 (6–29) 24 (17–46) 0.008

Hospital stay (days) 6 (5–7) 6 (5–8) 0.24
AMI: acute myocardial infarction. CVVH: continuous veno-venous hemodialysis. ICU: intensive care unit. IQR:
interquartile range. SR: sinus rhythm.
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Table 6. Postoperative outcome according to TAVI and SAVR treatment.

TAVI SAVR

Variable

Female
(n = 276)

N (%)
or Median
(IQR 1–3)

Male
(n = 204)

N (%)
or Median
(IQR 1–3)

p Value

Female
(n = 238)

N (%)
or Median
(IQR 1–3)

Male
(n = 237)

N (%)
or Median
(IQR 1–3)

p Value

In-hospital mortality 4 (1.4) 3 (1.5) 0.99 1 (0.4) 1 (0.4) 0.99

Stroke 3 (1.1) 5 (2.5) 0.29 1 (0.4) 0 0.99

Renal failure 24 (9) 29 (14) 0.06 14 (6) 19 (8) 0.37

CVVH 3 (1) 3 (1.5) 0.70 3 (1.3) 3 (1.3) 0.99

AMI 0 0 - 1 (0.4) 1 (0.4) 0.99

Respiratory insufficiency 5 (1.8) 4 (2) 0.99 5 (2.1) 4 (1.7) 0.99

Atrial fibrillation 21/211 (10) 16/139 (12) 0.70 76/203 (37) 79/213 (37) 0.99

Definitive pacemaker 46/265 (17) 56/182 (30) <0.001 6 (3) 12/230 (5) 0.15

Vascular complications 0.18 -

Major 5 (2) 2 (1) 0 0 -

Minor 20 (7) 12 (6) 0 0 -

Intubation time (hours) * * 5 (0–8) 5 (0–8) 0.63

ICU stay (hours) ** ** 24 (23–48) 24 (23–48) 0.35

Hospital stay (days) 6 (5–7) 6 (5–8) 0.13 6 (5–8) 6 (5–7) 0.37

AMI: acute myocardial infarction. CVVH: continuous venovenous hemodialysis. ICU: intensive care unit. IQR:
interquartile range. MOF: multiple organ failure. * > 95% of the patients received an awake procedure or were
extubated on the table. ** TAVI patients are routinely transferred to a regular ward at the end of the procedure.

3.4. Hemodynamics

Female patients had a higher preoperative peak and higher mean gradients across
aortic valve and higher left ventricle ejection fraction than men in both the TAVI and SAVR
cohorts.

Based on patients’ characteristics and the size of the implanted prostheses, PPM was
severe in 1.6% of cases—0.7% in the TAVI group and 2.5% in the SAVR group—in the
female population. In the male population, PPM was severe in 0.4% of cases—0.5% in the
TAVI group and 0.4% in the SAVR group.

At discharge, the postoperative mean and peak gradients were lower in the male
population after both TAVI and SAVR.

A more than moderate degree of paravalvular regurgitation was described in 3.7% of
female patients, 6.9% after TAVI, with no case reported after SAVR. Twelve male patients
had a more than moderate degree of paravalvular regurgitation (2.7%), nine after TAVI
(4.4%) and three after SAVR (1.3%). Tables 7 and 8 detail the hemodynamic data.
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Table 7. Hemodynamic data.

Variable

Female
(n = 514)

N (%)
or Median (IQR 1–3)

Male
(n = 441)

N (%)
or Median (IQR 1–3)

p Value

Preoperative peak gradient
(mmHg) 80 (70–99) 76 (67–90) <0.001

Preoperative mean gradient
(mmHg) 50 (41–60) 46 (41–55) <0.001

AVA index (cm2) 0.4 (0.4–0.5) 0.4 (0.4–0.5) 0.28

Preoperative LVEF (%) 60 (55–65) 60 (50–63) <0.001

Postoperative peak gradient
(mmHg) 21 (16–27) 20 (16–25) 0.019

Postoperative mean gradient
(mmHg) 11 (9–15) 10 (8–13) 0.007

Postoperative LVEF (%) 60 (55–65) 57 (50–60) 0.024

Paravalvular leak 0.40

Moderate 16 (3.1) 12 (2.7)

Severe 3 (0.6) 0

PPM 135 (26.3) 43 (9.8) <0.001

Severe PPM 8 (1.6) 2 (0.4) 0.18
AVA: aortic valve area. EF: ejection fraction. IQR: interquartile range. LVEF: left ventricular ejection fraction. PPM:
prosthesis–patient mismatch.

Table 8. Hemodynamic data according to TAVI and SAVR treatment.

TAVI SAVR

Variable

Female
(n = 276)

N (%)
or Median
(IQR 1–3)

Male
(n = 204)

N (%)
or Median
(IQR 1–3)

p Value

Female
(n = 238)

N (%)
or Median
(IQR 1–3)

Male
(n = 237)

N (%)
or Median
(IQR 1–3)

p Value

Preoperative peak gradient (mmHg) 78 (68–97) 73 (64–85) <0.001 84 (72–101) 80 (70–95) 0.05

Preoperative mean gradient (mmHg) 48 (41–60) 45 (40–52) 0.001 52 (42–63) 49 (41–59) 0.034

AVA index (cm2) 0.4 (0.4–0.6) 0.4 (0.4–0.5) 0.62 0.4 (0.4–0.5) 0.4 (0.4–0.5) 0.28

Preoperative LVEF (%) 60 (55–65) 56 (45–61) <0.001 60 (58–65) 60 (55–65) 0.002

Postoperative peak gradient (mmHg) 20 (15–24) 19 (14–23) 0.09 23 (18–29) 20 (17–26) 0.016

Postoperative mean gradient (mmHg) 11 (8–13) 10 (7–12) 0.002 12 (10–16) 11 (9–15) 0.033

Postoperative LVEF (%) 60 (55–65) 55 (48–60) <0.001 60 (55–65) 60 (55–63) 0.024

Paravalvular leak 0.47 0.25

Moderate 16 (5.8) 9 (4.4) 0 3 (1.3)

Severe 3 (1.1) 0 0 0

PPM 72 (26) 31 (15) 0.004 63 (27) 12 (5) <0.001

Severe PPM 2 (0.7) 1 (0.5) 0.79 6 (2.5) 1 (0.4) 0.13

AVA: aortic valve area. EF: ejection fraction. IQR: interquartile range. LVEF: left ventricular ejection fraction. PPM:
prosthesis–patient mismatch.
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4. Discussion

As the population ages, the burden of aortic valve stenosis is increasing. This pathology
seems to be occurring with a similar prevalence in male and female patients, but several data
suggest that severe aortic stenosis in women is undertreated. Surgical series from national
registries have included many more cases of SAVR in men than in women (63% vs. 37%) [5].
Women receive a conservative treatment for a longer period than men, and when they
present for aortic valve intervention, as furthermore highlighted by our data overall, the
TAVI and surgical populations are usually older, with a higher operative risk profile, higher
pulmonary pressure, and a smaller aortic valve area. Therefore, despite fewer previous
cardiovascular events and a lower prevalence of coronary artery disease, previous acute
myocardial infarction, and systemic vasculopathy, women experience worse early outcomes
and longer hospital stays after SAVR compared with their male counterparts [5,10,26]. A
worrisome in-hospital mortality rate, ranging from 3.3% up to 8.9%, has been reported
in the literature for women undergoing isolated surgical aortic valve replacement, which
is significantly higher than the 1.6–4.3% mortality rate registered for male patients from
the same populations [5,10,26]. Female patients also experienced a higher rate of vascular
complications, neurologic injury, transfusion, and nonhome discharge [5,27].

TAVI has emerged as an advantageous option for the treatment of aortic stenosis in
women, for whom it provides a greater benefit than SAVR when compared with male
patients [9,28]. Nevertheless, women undergoing TAVI have a non-negligible risk of major
bleeding events and present a higher rate of non-femoral procedures, perioperative stroke,
coronary obstruction, vascular injury, and pacemaker implantation compared to similar
populations of male patients [28–30].

Our data did not confirm these findings. In the female SAVR population, we registered
an in-hospital mortality rate and a postoperative stroke rate approaching 0% (0.4%), the
need for CVVHD in 1.3% of cases, a median mechanical ventilation time of 5 h, and a
median ICU stay of 24 h, with no difference when comparing these results with those
of our male population. Similar satisfactory and comparable outcomes were found in
female TAVI patients—hospital mortality at 1.4% and postoperative stroke at 1.1%—with
a low occurrence of major vascular complications and severe paravalvular leak. The
whole population of women who came to our attention for severe aortic stenosis—elderly
(mean age: 80 years), symptomatic, and comorbid patients—received a safe treatment
characterized by an in-hospital mortality rate of 1% and a stroke rate of 0.8%.

The main reason for these results lies in the careful selection among a multidisciplinary
Heart Valve Team of the most appropriate option, surgical or transcatheter, considering
the peculiar advantages and limitations of these techniques and the available technologies
and devices.

At the beginning of our experience, the patients referred for a transcatheter proce-
dure were older, frail, and at high risk for surgery [11]. The enrollment of these patients
accounted for the increase in the mean EuroSCORE II value for the female patients we
treated both surgically or by means of transcatheter interventions soon after the institution
of our TAVI program. A similar trend has been described in previous experiences showing
a greater referral of comorbid and higher-risk patients with a broadening of therapeutic
options for patients who were deemed inoperable in the pre-TAVI era [31]. Over the years,
as several RCTs and registries have provided the effectiveness and safety of TAVI in not
only high-risk but also younger and low-risk patients [6–8,12], anatomical and technical
factors, besides the usual clinical characteristics, have become important determinants of
our interventional strategy to ensure the safest procedure with the best hemodynamics.

As a result, in our recent practice, TAVI has progressively outperformed conventional
SAVR, addressing a larger number of elderly patients. In this way, we have been able to pro-
vide interventional treatment to more female patients who fully benefited from the greater
advantages that transcatheter procedures appear to confer on women over AVR [5,9,28]
while avoiding challenging surgical procedures in the case of technical difficulties for a
conventional surgical aortic valve replacement. Similarly, in the presence of hostile anatomy
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for a TAVI procedure with expected increased risks of vascular or annular complications,
we have relied on our established surgical approach, contemplating reduced biological and
psychological trauma, pursued through minimal surgical access, minimally invasive CPB,
and anesthetic and physiotherapy protocols that promote enhanced recovery [24]. This
approach has allowed us to close the gender gap that has historically seen female patients
with aortic valve stenosis left largely undertreated [4,5] or operated on with higher rates of
early complications and mortality [4,5,10,26].

Alongside the presentation at an increased age and with higher numbers of comorbidi-
ties, a smaller body size with concomitant smaller cardiac structures, smaller aortic annuli,
and the implantation of 19- and 21-mm-size surgical prostheses [32,33] and ≤23-mm-size
transcatheter valves [34] have been largely described in female patients undergoing aor-
tic valve intervention, and they represent the main factors predisposing patients to a
prosthesis–patient mismatch (PPM).

The prevention of PPM is important since it has been associated with worse hemody-
namic function, less regression of left ventricular hypertrophy, and lower survival after
SAVR [35,36]. Although its clinical impact after TAVI is still debated, there is increasing evi-
dence underlying its negative impact on survival in patients with reduced left ventricular
ejection fraction or in the presence of concomitant perivalvular regurgitation [37,38]. More-
over, the study of PPM after TAVI presents further limitations, lying in the low survival
rate of high-risk, comorbid, and older patients, and the difficulties in obtaining echocardio-
graphic measurements of EOA after transcatheter procedure [33,39–41]. We reported in
women an expected severe PPM in 1.6% of cases—0.7% in the TAVI group and 2.5% in the
surgical group—and an expected moderate and severe PPM in 26% of patients, values that
are lower than those previously described in the literature on surgical and transcatheter
series, ranging from 33% to 46% [33,36,42]. The availability of TAVI did not abolish the
risk of PPM in our population, as a moderate PPM can be expected after the implantation
of smaller-size transcatheter prostheses. Nevertheless, the risk of predicted PPM was
markedly reduced via a careful selection of different techniques and devices, avoiding the
use of bigger EOA mechanical prostheses that nowadays are not favored by our patients,
as they represent a significant threat of bleeding complications in middle-aged and elderly
patients [43–45].

Expertise and proficiency in both surgical and transcatheter approaches can provide a
comprehensive understanding of the potential anatomical and technical challenges typical
of female patients with aortic valve stenosis. Tailored use of these techniques—with the
availability of suprannular stented valves for which we favor a continuous suture technique
and sutureless prostheses, balloon-expandable or self-expandable valves [46,47], minimally
invasive surgery, and femoral and non-femoral access for TAVI procedures—can not only
reduce the burden of postoperative mortality and complications but also mitigate the risk
of moderate PPM and minimize the occurrence of severe PPM in this high-risk population,
thus potentially improving mid- and long-term outcomes [48]. These findings support
an early-interventional attitude for women with severe symptomatic aortic valve stenosis
and discourage a watchful waiting strategy—perhaps based on previous evidence of an
elevated operative risk—that could ultimately lead these patients too late to an appropriate
aortic valve procedure while they are in an advanced stage of heart failure, characterized
by renal and pulmonary dysfunction, increased frailty, poor mobility, or chronic alteration
of the vascular bed, which can severely affect the prognostic and symptomatic values
associated with a timely aortic valve intervention [49,50].

Our study shares the usual limitations associated with observational retrospective
studies, although all the data were retrieved from our internal database, which is prospec-
tively completed by specialist doctors before the discharge of patients. A peculiar limitation
of our analysis lies in the ongoing debate about the correct assessment of PPM following
TAVI or SAVR using measured or predicted iEOA. We have used predicted iEOA [13,17–20],
as it was derived from data from manufacturers’ charts or echocardiography studies. Pre-
dicted iEOA allows immediate use in clinical practice [39,51], although some reports have
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described a possible underestimation of the degree of PPM [52]. Measured PPM, on the
other hand, depends largely on echocardiographic quality, the clinical profile of the patient
(flow state), and the timing of ultrasound studies.

This study was not designed to provide any comparison of outcomes between the
two populations of patients who had surgical or transcatheter aortic valve intervention.
Instead, we aimed to highlight the importance of mastering both techniques and providing
the most appropriate treatment, based on patients’ characteristics and anatomy, in order
to increase the offering of therapeutic options and deliver the best possible results to the
whole referral population.

No adjustment of preoperative characteristics was performed for the two populations
of female and male patients since they differ a priori in disease presentation, natural history,
and pathophysiology. Our study aims to provide an updated look at the early results in the
treatment of women with aortic valve stenosis by comparing their outcomes with those
observed in their male counterparts, fully considering their peculiar characteristics, which
have historically been associated with poorer outcomes.

We acknowledge that lowering the threshold of TAVI with a broad implementation of
transcatheter techniques in younger and lower-risk patients with a longer life expectancy
warrants future research focusing on late survival, functional status, and valve durability,
as recent studies showing satisfactory results on valve durability at 6–8 years are still
based on longitudinal data from octogenarian populations with limited survival during
follow-up [53,54].

5. Conclusions

Women presenting with severe symptomatic aortic valve stenosis can nowadays be
treated without excess operative risk and can receive aortic valve intervention as safe and
effective as those expected in male patients. The availability of different techniques and
technologies has successfully addressed the clinical, anatomical, and technical difficulties
usually encountered in female patients and translated into improved hospital mortality
and postoperative complication rates with enhanced hemodynamics after both surgical and
transcatheter procedures with similar early results when compared with male populations.
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